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[Title of the Invention] 

Production Method of Aluminum Nitride Sintered Body 
[Abstract] 

[Object]: To provide a method for producing an aluminum nitride sintered 
body excellent in surface smoothness and thermal conductivity without 
generating ammonia by adjusting the acetalization degree to be 80 to 95% 
by mole, lessening hydroxyl groups in a molecule, and lowering the water 
content in butyral resin used as a binder resin. 

[Constitution]- A preliminarily formed body of a mixture containing 100 
parts by weight of an aluminum nitride powder and 0.01 to 12 parts by 
weight of a butyral resin with an acetalization degree of 80 to 95% by mole 
is formed and, then, the preliminarily formed body is sintered at 1500 to 
2000°C under non-oxygen atmosphere. 

[Claim] 

1. A production method of an aluminum nitride sintered body, 
comprising: forming a preliminarily formed body of a mixture containing 
100 parts by weight of an aluminum nitride powder and 0.01 to 12 parts by 
weight of a polyvinyl butyral resin with an acetalization degree of 80 to 95% 
by mole; and, then, firing the preliminarily formed body at 1500 to 2000°C 
under non-oxygen atmosphere. 

[Detailed Description of the Invention] 
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[0001] 

[Field of the Invention] 

The present invention relates to a production method of an 
aluminum nitride sintered body excellent in thermal conductivity. 
[0002] 
[Prior Art] 

Conventionally, an alumina substrate has been used for an 
electronic substrate material; however, because of a problem of heat 
generation or the like, a substrate material with a high thermal 
conductivity has been expected to be available. As a substrate to satisfy 
such expectation, recently, a ceramic sintered body of mainly aluminum 
nitride has drawn attention. As compared with a conventional alumina 
sintered body, the sintered body has a thermal conductivity about 5 to 10 
times as high, so that it has been used for a variety of electronic and electric 
materials. 
[0003] 

The production method of the above-mentioned aluminum nitride 
sintered body includes a method of adding an organic type binder and a 
sintering aid such as a polyvinyl butyral resin to aluminum nitride which is 
a powder raw material; forming the obtained mixture into a prescribed 
shape; subjecting the formed body to degreasing treatment; and sintering 
the resulting sintered body in approximately normal pressure or under 
non-oxygen atmosphere of nitrogen or argon. 
[0004] 

A variety of materials are used as the above-mentioned organic type 
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binder and, for example, acrylic resins (JP Kokai Sho 62-17638), vinyl 
acetate copolymers (JP Kokai Sho 60*54967), polyvinyl butyral resins (JP 
Kokai Sho 63-112470, JP Kokai Hei 2-289460), polyamides, polyesters, 
methyl cellulose and the like can be exemplified and, in terms of 
dispersibility in an aluminum nitride powder and softness at the time of 
forming, butyral resin such as polyvinyl butyral is generally used. 
[0005] 

However, in general, a polyvinyl butyral resin to be used as a binder 
has an acetalization degree of 63 to 75% by mole and a high remaining 
water content and therefore has a high humidity absorption and contains 
water in 3 to 4% by weight. 
[0006] 

Due to use of the above-mentioned polyvinyl butyral resin, since 
water is contained in a formed body of aluminum nitride before sintering, 
reaction of aluminum nitride with water is caused to generate ammonia, 
thereby resulting in problems such as decrease of thermal conductivity of 
the sintered body, occurrence of corrosion, generation of malodor and the 
like. 
[0007] 

[Problems to be Solved by the Invention] 
[0008] 

In view of the above-mentioned prior art, an object of the present 
invention is to provide a method for producing an aluminum nitride sintered 
body excellent in surface smoothness and thermal conductivity without 
generating ammonia during sintering by adjusting the acetalization degree 
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to be 80 to 95% by mole; lessening hydroxyl groups in a molecule; and 
lowering the water content in polyvinyl butyral resin used as a binder resin. 
[0009] 

[Means for Solving the Problems] 

A production method of an aluminum nitride sintered body 
according to the present invention comprises : forming a preliminarily 
formed body made of an aluminum nitride powder and a polyvinyl butyral 
resin; and, then, firing the formed body under non-oxygen atmosphere. 
[0010] 

The above-mentioned aluminum nitride powder is industrially 
produced by, for example, an alumina reducing method of heating a mixed 
powder of alumina and carbon under nitrogen atmosphere or a direct 
nitridation method of bringing aluminum and nitrogen into contact with 
each other at a high temperature to cause a reaction between them. 
[0011] 

With respect to the particle size of the above-mentioned aluminum 
nitride powder, the powder preferably has an average particle diameter of 
0.2 to 50 \±m since when it is too small, the thermal conductivity of a 
sintered body is decreased owing to interface increase among particles and 
when it is too large, the formability of a preliminarily formed body 
deteriorates. 
[0012] 

When the acetalization degree of a butyral resin to be used as a 
binder in the present invention is too low, the water content in the polyvinyl 
butyral resin becomes high to result in deterioration of the surface of an 
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aluminum nitride sintered body owing to the corrosion caused by ammonia 
generated at the time of sintering and also decrease of the thermal 
conductivity, and when it is too high, the quantity of hydroxyl groups is 
decreased to result in deterioration of adhesion property and difficulty of 
formation of the preliminarily formed body before sintering; therefore, it is 
limited to be 80 to 95% by mole. 
[0013] 

An example of a preparation method of the above-mentioned 
polyvinyl butyral resin includes a method of synthesizing using 30 parts by 
weight or more of dimethyl sulfoxide (DMSO) in a solvent or synthesizing 
using a resin acetalized in 50% by mole or more in a non-polar solvent, or 
the like. 
[0014] 

As a polyvinyl alcohol to be used for the synthesis of the 
above-mentioned polyvinyl butyral resin, those with an average 
polymerization degree of 100 to 3000 are preferable and the saponification 
degree of it is preferably 95% by mole or more to increase the acetalization 
degree of the polyvinyl butyral resin. 
[0015] 

The addition amount of the above-mentioned polyvinyl butyral resin 
is limited to be 0.01 to 12 parts by weight relative to 100 parts by weight of 
an aluminum nitride powder since it becomes difficult to obtain a 
preliminarily formed body when it is too small, and shrinkage of the 
preliminarily formed body becomes significant at the time of sintering to 
result in occurrence of cracking and warping in the aluminum nitride 
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sintered body when it is too high. 
[0016] 

In the present invention, a sintering aid may be added to a mixture 
of the above-mentioned aluminum nitride powder and polyvinyl butyral 
resin. 
[0017] 

Examples of a component of the above-mentioned sintering aid 
include compounds of Group Ha, Ilia and Va such as magnesium oxide, 
calcium oxide, aluminum oxide and yttrium oxide, and the like. 
[0018] 

The addition amount of the above-mentioned sintering aid is 
preferably 0.1 to 20 parts by weight relative to 100 parts by weight since 
when it is too high, the agent remains in form of impurities such as Y-Al-O 
or the like in crystal grain boundaries to result in decrease of thermal 
conductivity of the aluminum nitride sintered body. 
[0019] 

The above-mentioned preliminarily formed body can be obtained by, 
for example, adding a sintering aid to an aluminum nitride powder and 
further a polyvinyl butyral resin with a high acetalization degree and 
forming an obtained mixture. 
[0020] 

A forming method is not particularly limited and may include, for 
example, a doctor blade method, a press method, a casting formation 
method, an injection molding method, an extrusion molding method and the 
like and, in order to obtain a green sheet as the preliminarily formed body, 
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the doctor blade method for forming is preferable. 
[0021] 

In order to obtain a green sheet by the above-mentioned doctor blade 
method, for example, a method can be employed which is carried out by 
adding 0.1 to 0.5 parts by weight, preferably 0.15 to 0.3 parts by weight, of a 
polyvinyl butyral resin in a paste or powder state or dispersed or dissolved 
in an organic solvent and a sintering aid relative to 100 parts by weight of 
an aluminum nitride powder, sufficiently mixing and dispersing them to 
obtain a slurry-like mixture and then defoaming the slurry-like mixture in 
vacuum and applying the resulting slurry-like mixture to a carrier film by a 
doctor blade and drying at 150°C. 
[0022] 

Examples of the above-mentioned solvent include trichloroethylene, 
methyl alcohol, ethyl alcohol, n-butanol, toluene, xylene, methyl isobutyl 
ketone, methyl ethyl ketone and the like. 
[0023] 

Examples of the above-mentioned carrier film generally include a 
resin film of polyethylene terephthalate, polyamide and the like. 
[0024] 

At the time of mixing the above-mentioned aluminum nitride 
powder, polyvinyl butyral resin and sintering aid, based on the necessity, 
plasticizers and additives (a pulverization assisting agent, a dispersant and 
the like) may be added. 
[0025] 

Next, after being preliminarily heated at 500 to 1000°C for 30 
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minutes to 3 hours in non-oxygen atmosphere of nitrogen or a mixture of 
nitrogen and hydrogen for degreasing, the above-mentioned preliminarily 
formed body is sintered at 1500 to 2000°C for 30 minutes to 3 hours in 
non-oxygen atmosphere to obtain a sintered body. The above-mentioned 
degreasing may be carried out simultaneously in the sintering step. 
[0026] 

In order to obtain a circuit substrate from the above-mentioned 
green sheet, a method is employed which comprises printing a metallized 
paste containing a metal component such as tungsten, molybdenum and the 
like in a monolayer or multilayer structure by screen printing or the like 
after the green sheet is dried, and then sintering the resulting body to 
obtain a sintered body. 
[0027] 
[Examples] 

Hereinafter, examples of the present invention will be described. 
[Measurement of butyralization degree of polyvinyl butyral resin] 

The butyralization degrees of the polyvinyl butyral resins obtained 
in the following examples were measured by the following titration method. 
According to a testing method described in a paragraph, "vinyl butyral" of 
composition analysis in polyvinyl butyral testing method (JIS K6728), the 
butyralization degrees were measured by hydrochloric acid-hydroxylamine 
method. 
[0028] 
(Example l) 

(l) Preparation of polyvinyl butyral resin 
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198 g of polyvinyl alcohol with a polymerization degree of 1700 and a 
saponification degree of 99.2% by mole was added to and dissolved in pure 
water 2900 g by heating. The reaction system was adjusted to be at 9°C 
and 196 g of hydrochloric acid with a concentration of 35% by weight (l.99% 
by weight in total system) and 152 g of butylaldehy de (97.2% by mole to 
polyvinyl alcohol) were added to precipitate polyvinyl butyral. After that, 
the reaction system was kept at 50°C for 3 hours to complete the reaction. 
After unreacted aldehyde was washed out by washing with excess water, 
hydrochloric acid catalyst was neutralized and formed salts were removed, a 
white powder of polyvinyl butyral resin was obtained by drying. The 
butyralization degree of the polyvinyl butyral resin was 74.8% by mole. 
[0029] 

Next, 60 g of the above-mentioned polyvinyl butyral resin (3% by 
weight in the total system) was dissolved in a solvent including 1768 g of 
xylene at 25°C. After that, 115 g of a hydrochloric acid solution with a 
concentration of 35% by weight (1.97% by weight in the total system) and 
94.8 g of n-butylaldehyde (200% by mole to polyvinyl alcohol) were added as 
follows. At first, n-butylaldehyde was collectively added to the solution and 
sufficiently mixed by mixing for about 5 minutes and then hydrochloric acid 
was added dropwise through a funnel in about 15 minutes. After 30 
minutes from the mixing, the entire system of the resulting mixture was 
heated at 0.5 to 0.6°C/minute rate to 60°C for 60 minutes. After that, the 
reaction system was kept at 60°C for 3 hours to complete the reaction. 
[0030] 

On completion of the reaction, a considerably excess amount of a 
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water/methanol (mixing ratio, 1 : l) mixed solution containing 6% of sodium 
bicarbonate in a concentration (the weight ratio to the solid matter of the 
resin) was added to separate the catalyst and neutralize the reaction system. 
After that, the resulting mixed solution was poured to a considerably excess 
amount of methanol to re-precipitate the resin and further washing with hot 
water was repeated to remove the salt. Finally, after removal of the 
residual xylene by evaporation and drying, a white powder of polyvinyl 
butyral resin with a butyralization degree of 89.7% by mole was obtained. 
[0031] 

(2) Preparation of green sheet and sintered body 

After 100 parts by weight of an aluminum nitride powder with an 
average particle size of 1 ^im (manufactured by Tokuyama Soda Co., Ltd.), 3 
parts by weight of Y2O3 and 0.5 parts by weight ethylene glycol as a 
pulverization assisting agent were added and mixed, 8 parts by weight of 
the above-mentioned butyral resin, 5 parts by weight of dioctyl phthalate as 
a plasticizer, 50 parts by weight of xylene as an organic solvent, and 0.8 
parts by weight of sorbitan trioleate as a dispersant were added and mixed 
for 20 hours to obtain a slurry-like mixture. The slurry-like mixture was 
sieved by a sieve with 150 meshes and defoamed in vacuum of -70 mmHg 
for 10 minutes and applied in a thickness of 500 \im to a polyester film and 
dried by hot air blow to obtain a green sheet. The green sheet was punched 
into 30 x 30 mm size by a die and heated to 1800°C at 600°C/h heating rate 
in nitrogen atmosphere and sintered at 1800°C for 4 hours and then cooled 
to obtain an aluminum nitride sintered body. 
[0032] 
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(3) Property evaluation of aluminum nitride sintered body 

With respect to the above-mentioned aluminum nitride sintered 
body, the thermal conductivity were measured according to JIS R 2616, the 
thermal expansion coefficient and dielectric constant were measured 
according to JIS K 6911, and the bending strength was measured according 
to JIS R1601, respectively, and the results were shown in Table 1. Further, 
the average particle diameter of the crystal grains in the sintered body was 
measured by using an electronic microscopic photograph and shown in Table 
1. 

[0033] 
(Example 2) 

An aluminum nitride sintered body was produced in the similar 
manner to Example 1, except that 1 part by weight of polyvinyl butyral 
resin prepared in Example 1 was added and property evaluation similar to 
that in Example 1 was carried out and the results were shown in Table 1. 
[0034] 
(Example 3) 

An aluminum nitride sintered body was produced in the similar 
manner to Example 1, except that 11 parts by weight of polyvinyl butyral 
resin prepared in Example 1 was added and property evaluation similar to 
that in Example 1 was carried out and the results were shown in Table 1. 
[0035] 

(Comparative Example l) 

An aluminum nitride sintered body was produced in the similar 
manner to Example 1, except that polyvinyl butyral resin with acetalization 
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degree of 65% by mole was added and property evaluation similar to that in 
Example 1 was carried out and the results were shown in Table 1. 
[0036] 

(Comparative Example 2) 

An aluminum nitride sintered body was produced in the similar 
manner to Example 1, except that 0.001 parts by weight of polyvinyl butyral 
resin prepared in Example 1 was added and property evaluation similar to 
that in Example 1 was carried out and the results were shown in Table 1. 
[0037] 

(Comparative Example 3) 

An aluminum nitride sintered body was produced in the similar 
manner to Example 1, except that 30 parts by weight of polyvinyl butyral 
resin prepared in Example 1 was added and property evaluation similar to 
that in Example 1 was carried out and the results were shown in Table 1. 
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[0038] 
[Table l] 





Examples 


Comparative Examples 


1 


2 


3 


1 


2 


3 


Thermal conductivity 
(W/mK) 




9 Aft 


9 Aft 


1 9ft 


i ah 

JLOU 


lAft 


Thermal expansion 
coefficient (10" 6 /°C) 


4.5 


4.5 


4.2 


6.9 


5.2 


5.0 


Dielectric constant 


9.1 


9.0 


8.9 


9.9 


9.2 


9.2 


Average particle 
diameter of crystal 
grains (jam) 


2-5 


2-5 


2-6 


1419 


1-10 


2-25 


Bending strength 
(kg/mm 2 ) 


42 


43 


40 


33 


10 
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[0039] 

[Effect of the Invention] 



A production method of an aluminum nitride sintered body 
according to the present invention is as described above and provides an 
aluminum nitride sintered body excellent in surface smoothness and 
thermal conductivity by using polyvinyl butyral resin with acetalization 
degree of 80 to 95% by mole as a binder resin. 
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